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Abstract

Muon tracking detectors of both Fermilab collider detectors, DØ and CDF,
typically have large number of background hits. The problem becomes severe
in the Run II era. The studies show that background hits are mainly caused
by soft electrons and indirectly by photons generated in hadron and electro-
magnetic showers and nuclear disintegration processes. With mean energy of
electrons∼1 MeV, there is a possibility to decrease number of correlated hits in
detector layers consisting of separate planes by placing thin absorbers between
the planes. Based on MARS and GCALOR simulations for polyethylene and
aluminum absorbers, it is shown that a 3-mm aluminum sheet placed between
the mini-drift tube planes in the DØ forward muon system provides a seven-
fold reduction in the number of correlated hits. This reduces significantly fake
muon trigger rate and muon track reconstruction inefficiencies, that makes the
DØ forward muon system compatible with Run II requirements.

1 Introduction

Muon detectors at hadron colliders experience [1, 2] or will experience [3] the high
occupancy due to background hits. Particles causing these hits are originated by
showers induced mainly in the near-beam components both by products of pp (pp)
interactions at the interaction point (IP) and by beam loss in the vicinity of the de-
tector [4]. Many of them are particles leaking through cracks in the detector ele-
ments and photons produced in thermal neutron captures and radionuclide decays.
Introduction of local shielding and reduction of beam loss rates in the IP vicinity are
the ways to mitigate the background problem [4, 5, 6, 7]. Although these methods

1



Figure 1: Side view of the DØ upgrade detector including various elements of the
upgraded muon system.

can provide considerable reduction in background rates in detectors, they are usu-
ally expensive and require extra space in the detector. Fig. 1 shows the DØ detector
upgrade with heavy shielding around the beam pipe to reduce backgrounds.

In this paper another way of background suppression is studied taking as an ex-
ample a recently proposed DØ forward muon detector based on mini-drift tubes
(MDT) [8]. Using realistic GCALOR and MARS13 calculations, it is shown that with
a thin absorber between the MDT planes, correlated background rate can be signif-
icantly reduced: a 3-mm aluminum sheet reduces probability of fake track segment
formation by a factor of∼7. This will help in reduction of muon trigger rates as well
as backgrounds in muon track reconstruction in the coming Run II at Tevatron.

2 MDT Based Muon Detector

In addition to the shielding, time and space correlations between hits is another
way to distinguish between hits from IP-generated muons and background parti-
cles. This idea is exploited in a new design for the DØ forward muon tracking de-
tector based on MDT. Detailed description of the proposed detector is given in [8].
As Fig. 2 shows, each A-, B- and C-layer of the DØ forward muon tracking de-
tector [1] consists of four (nearest to the IP) or three MDT planes. Both GCALOR

and MARS13 calculations show that with the proposed DØ shielding, the hits in the
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Figure 2: The layout of A-, B- and C-layers.

MDTs are mainly due to low-energy neutron interactions resulting in photon flux in
the MDT/absorber bulk material. As a result, charged particle flux (and hits respec-
tively) in the MDT sensitive volumes consists mainly of electrons with mean energy
∼1 MeV (see Fig. 4(a) below for an electron spectrum in MDT). Therefore, with a
thin absorber between the MDT planes, the background electrons would not pene-
trate more than one detector plane. This way one prevents fake segment (local part
of the track) formation by low energy electrons, while muons are easily detected.

3 Simulations

The effect of putting an absorber between two MDT planes have been esti-
mated in two independent studies, performed using the GEANT-3.21 code with
GCALOR interface [9], and the MARS13(97) code [10] linked to the Los Alamos
code MCNP4A [11] for neutron and photon transport below 14 MeV. In both cases,
the products of 1.8 TeV pp̄ events generated with the DTUJET93 code [12] have been
used. The cut-off energies were 1 MeV for charged hadrons and muons, 10−11 MeV
for neutrons and 0.01 MeV for electrons and photons.

The upgrade geometry of the DØ detector was used (Fig. 1) with nominal shield-
ing composed of 15-in iron and 6-in polyethylene followed by 2-in lead. Each MDT
was described in this study as two boxes, with 1-mm poly walls (replaced at a later
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stage with 0.6-mm aluminum), filled with a gas (called here planes) separated by a
3-cm air gap. These MDT chambers were placed at their nominal positions in the
DØ detector and all charged hits in the sensitive volumes of the MDT planes were
recorded. Then, the number of hits was counted in each of the two MDT planes sep-
arately (uncorrelated hits). In addition, the number of correlated hits was counted,
which were produced by the same charged particle in both planes. The following
four MDT-absorber configurations have been studied:

1. Baseline – no absorbers, just air between two MDT planes.

2. 15-mm thick poly absorber between the planes.

3. 30-mm thick poly absorber between the planes.

4. Aluminum sheet 1 to 10 mm thick between the planes (MARS13 only).

3.1 GCALOR

The GCALOR calculated x-y hit distributions in a MDT plane are shown in Fig. 3
for the first, second, and both first and second planes for the configuration with a
15-mm poly absorber. Table 1 gives the number of uncorrelated and correlated hits
for the first three MDT-absorber configurations averaged over all MDTs. As can be
seen, there is practically no change in uncorrelated hit rate (in any particular single
plane) versus putting an absorber between the planes. To the contrary, correlated hit
rate depends strongly on the absorber presence. Reduction factors of∼3 and∼6 are
obtained with a 15-mm and 30-mm poly absorbers, respectively.

Independent GCALOR calculations performed at the University of California at
Davis by Yu. Fisyak and R. Breedon for the baseline and second (15 mm poly) con-
figurations, gave also a small effect (∼10-20%) for uncorrelated hits, and 4.6, 4.9
and 3.6-fold reductions for correlated hits in the A-, B- and C-layers, respectively.

Figure 3: Hits in the MDT layers with a 15-mm poly absorber as calculated with
GCALOR: (a) uncorrelated in the first plane; (b) uncorrelated in the second plane;
(c) correlated for the both planes.
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Table 1: Number of hits in the MDT planes as calculated with GCALOR.

Configuration 1 2 3
1st plane 186 133 164
2nd plane 189 177 230
Both planes 101 33 18

3.2 MARS13

MARS13 results are presented in Figs. 4 and 5. Fig. 4 shows that electrons in MDTs
have low energy with mean of about 1 MeV, and that ‘correlated’ electrons are peaked
in the forward/backward directions.

Total uncorrelated charged particle flux (mainly electrons) in the first and sec-
ond MDT planes of the B-layer, calculated with the MARS13 code, is presented in
Table 2 for the MDT-absorber configurations 1 through 3 as a function of distance d
(x or y) from the innermost MDT edge outwards. Results in the table are normalized
per 107 source particles at MDT. One sees that effect of absorbers on single uncor-
related hits is less than 10 %.

Situation is different for correlated hits. Total correlated charged particle fluxes
in the first and second MDT planes for the first three configurations are 2.3, 0.48
and 0.18 cm−2, respectively, with the above normalization. Defining the absorber
efficiency here as a ratio of charged particle flux in the MDT sensitive volume in
the baseline configuration to that in the configuration with the absorber, one gets for
the B-layer 4.8±0.7 with a 15 mm poly insertion and 12.8±3.2 with a 30 mm poly
insertion. A good agreement between the GCALOR and MARS13 calculated absorber
efficiency in the B-layer both for uncorrelated and correlated hits is encouraging.
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Figure 4: Typical electron energy spectrum (a) and angular distribution of correlated
hits (b) in the MDT planes as calculated with MARS13.
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Table 2: Uncorrelated total charged particle flux (cm−2) in the first (p1) and second
(p2) MDT planes for three absorber configurations. Typical errors are 10-15%.

Configuration 1 1 2 2 3 3
Plane p1 p2 p1 p2 p1 p2
d (cm)
0–25 8.0 8.3 10.1 7.1 8.9 9.9
25–50 8.6 8.9 9.0 8.8 11.0 12.7
50–75 9.9 9.1 11.1 9.7 10.0 7.5
75–100 8.3 8.4 9.6 7.7 8.1 8.8
100–125 1.5 2.1 2.2 2.3 1.1 1.2
125–150 0.15 0.26 0.27 0.14 0.18 0.11
Average 6.1 6.2 7.1 6.0 6.6 6.7
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Figure 5: Efficiency of aluminum absorber be-
tween MDT planes vs its thickness calculated
with MARS13.

Some spread in efficiency of the
third configuration (30 mm poly)
between GCALOR and MARS13
predictions, as well as between
two independent GCALOR calcu-
lations, is most likely a reflection
of low statistics in some Monte
Carlo runs and slightly different
shielding geometry, which is espe-
cially crucial for the C-layer. Cal-
culated with MARS13 efficiency
of the aluminum absorber between
the MDT planes (B-layer) is pre-
sented in Fig. 5 as a function of
the absorber thickness. As most
background hits in MDT are pro-
duced by soft electrons, a rather
thin aluminum sheet reduces dras-
tically correlated hit rate in MDTs.

6



4 Conclusions

It has been demonstrated that a thin absorber between the MDT planes of the DØ
forward muon detector provides significant reduction in the number of background
correlated hits. Both poly and aluminum are good candidates for the insertions in
the detector. Aluminum is a better choice for detector structural design. Reduction
in fake track segment formation reaches its maximum of about seven at aluminum
absorber thickness of 1 g/cm2. A good agreement between GCALOR and MARS13
calculations for absorber efficiency both for uncorrelated and correlated hits gives
a high degree of confidence in the Monte Carlo predictions.
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